Lidar observations of polar stratospheric clouds (PSCs) were made during three winter campaigns from 1994/95 to 1996/97 at Ny-Aalesund, Svalbard. PSCs composed mainly of solid particles were found at the beginning of most PSC events. They appeared when the temperature became lower than the assumed equilibrium temperature of nitric acid trihydrate (T NAT ) but sometimes appeared even at temperature a little higher than T NAT . As the stratospheric temperature became very low, close to the frost point of ice (T ice ), PSCs composed mainly of liquid particles appeared. The behaviors of liquid PSCs observed are consistent with the expected ones, which were estimated based on the current formation theory of super cooled ternary solution (STS) particles. Results of backward trajectory analysis show that some solid PSCs experienced the temperature below T NAT at least for more than 10 hours after passing through the melting point of sulfuric acid tetrahydrate. The solid PSCs which appeared at temperatures higher than T NAT experienced the temperature below T NAT for more than 1 day in the past. Almost no PSCs experienced the temperature lower than T ice during 10 days prior to the observation. Results of trajectory analysis also suggest that the increase of the depolarization ratio depends strongly on the degree to which air parcels of PSCs cooled below T NAT and on the period during which the air parcels experienced the temperature lower than the condensation point, but not on the experience of lower temperature than T ice . Some liquid PSCs with a large scattering ratio (4-5) and a low depolarization ratio (0-0.005) appeared after they experienced the temperature close to T ice for a few days prior to the observation.
Introduction
Since the discovery of a drastic reduction in the stratospheric ozone over Antarctic (Farman et al. 1985) , it has become increasingly clear that changes in the composition, phase, and size of stratospheric aerosols can strongly perturb the chemistry of the stratosphere through the chemical reactions in, or on, the aerosol particles (Solomon et al. 1986; Solomon 1999) . Polar stratospheric clouds (PSCs) are considered to play important roles in the ozone depletion through reactions on PSC particles in the cold stratosphere. They are now known to convert relatively inert chlorine ''reservoir'' species, HCl, HOCl, and ClONO 2 , into photochemically reactive forms such as Cl 2 , which can destroy ozone through gas phase catalytic cycles (Molina and Molina 1987; Solomon et al. 1986; Solomon 1999) . Recently, extensive research has drawn detailed pictures of PSC structure and composition. Some PSCs are known to be liquid particles composed of supercooled ternary solutions (STS) of sulfuric acid, nitric acid and water, while the solid particles of PSCs are considered to be nitric acid dihydrate (NAD), trihydrate (NAT) or higher hydrates, binary H 2 SO 4 /H 2 O hydrate or amorphous solids (Marti and Mauersberger 1993; Worsnop et al. 1993; Iraci et al. 1994 ). Recent observations suggest that sulfuric acid particles grow to form STS particles according to the decrement of temperature around the ice frost point (Beyerle et al. 1994; Tabazadeh et al. 1994; Larsen et al. 1995; Shibata et al. 1997 ).
On the other hand, the solid PSCs also were frequently detected by field observations, particularly by the use of a lidar system Beyerle et al. 1994) . Laboratory experiments suggest that NAT is the most stable in the lower stratosphere (Hanson and Mauersberger 1988) . Voigt et al. (2000) made the first detection of NAT in the arctic stratosphere. They found NAT particles of less than 2 mm in diameter in nacreous clouds by analyzing in situ mass spectrometer measurements. Because of a substantial nucleation barrier to the formation of NAT (Worsnop et al. 1993; Prenni et al. 1998) , however, it is widely believed that the direct nucleation of NAT is difficult. Most theories say that ice or such metastable hydrates as NAD or sulfuric acid tetrahydrate (SAT) are produced initially through the temporal cooling associated with the meso-scale fluctuations such as mountain lee waves and are transformed finally to NAT (Meilinger et al. 1995; Tabazadeh and Toon 1996; Tsias et al. 1997; Iraci et al. 1998; Carslaw et al. 1999) . And recent laboratory experiments suggest that NAT may be nucleated homogeneously from the largest STS particles if the temperature remains near 190 K for more than 1 day (Salcedo et al. 2001) . However, the recent theories for the formation of solid particles, particularly the PSCs of type Ia, and their composition have been inconclusive.
We installed a lidar system at Ny-Aalesund (79 N, 12 E), Svalbard in September 1993 and have observed stratospheric particles every winter since January 1994. We detected many PSC events under low temperature condition, especially in 1994/95, 1995/96 and 1996/97 winters. In this paper, we describe the results of these three winter campaigns of PSCs observation. We also describe the impact of temperature and temperature history on PSC layers.
Measurement
Lidar observations at Ny-Aalesund were made using both the fundamental (1064 nm) and the second harmonic (532 nm) wavelengths of a Nd : YAG laser. The output energy of the laser is 200 mJ/pulse for 1064 nm and 50 mJ/ pulse for 532 nm, with the pulse repetition rate of 10 Hz. Backscattered light is collected by a 35-cm Schmidt Cassegrainian telescope and split by some dichroic mirrors and a polarizing beam splitter into five channels of the light detecting system, each including a photomultiplier, an interference filter and some other optics. Two channels detect backscattered light in planes parallel and perpendicular to the primary polarization plane of the transmitted laser light (532 nm). The other three channels measure the signals of fundamental wavelength (1064 nm) and the Raman scattering signals from N 2 and H 2 O molecules. Signal pulses from each photomultiplier are recorded by the use of a photon counting technique with a height resolution of 30 m. The sets of raw data from 6000 laser shots are integrated over the observational time of less than 4 hours. After adding the numbers of photons in every three successive height ranges, the running mean is calculated to get the final height resolution of about 810 m.
For the analysis of lidar data, we use three parameters, the scattering ratio R at 532 nm, atmospheric depolarization ratio d at 532 nm and Angstrom coefficient a, which are derived by using the iterative method (Shibata et al. 1996) :
where b R and b M are the molecular and aerosol backscattering coefficients, respectively. R À 1 can be roughly proportional to the volume mixing ratio of aerosols. d is b?/ðb? þ bkÞ, where b? and bk are the backscattering coefficients calculated from the lidar returns perpendicular and parallel to the plane of the incident laser polarization. d is a parameter to indicate the nonsphericity of particles. The profiles of d are normalized under the assumption that the de-polarization ratio of atmospheric molecules is 0.05 (Adachi et al. 2001) . If the particles are completely spherical, such as liquid droplets, d is equal to zero. High values of d indicate the particles to be nonspherical, such as crystallized particles. a is defined as a ¼ Àlnðb M1064 / b M532 Þ/lnð1064/532Þ, where b M1064 and b M532 are the backscattering coefficients for the laser wavelengths of 1064 nm and 532 nm, respectively. a represents the contribution of the size distribution of particles under the assumption that b M depends on the wavelength ðlÞ according to b M z l Àa . a is usually inversely proportional to the average size of the particulates.
The typical profiles of PSCs detected at Ny-Aalesund
We detected PSCs frequently in three winters of 1994/95, 1995/96 and 1996/97 when the stratospheric temperature above Ny-Aalesund became very low. Usually the period when a series of PSCs appeared (PSC event) coincides with the period of the appearance of a cold area, where the temperature is roughly lower than T NAT , the estimated equilibrium temperature of NAT. Shiraishi et al. (1997) and Shiraishi et al. (1998) showed the representative profiles observed at Ny-Aalesund in the winter of 1995/96 and 1996/97, respectively.
In each Figs. 1-4, three vertical profiles of (a) scattering ratio R, (b) depolarization ratio d, (c) Angstrome coefficient a and (d) temperature are shown. Estimated profiles of T NAT and frost point of ice (T ice ) are also shown in (d) of the figures. The temperature profiles were obtained from daily rawin sonde observation made by Alfred Wegener Institute at Ny-Aalesund. T NAT and T ice were calculated from a temperature profile of the earliest one of the three observations under the assumption that the air mass of interest has mixing ratios of 5 ppmv H 2 O and 10 ppbv HNO 3 . The vapor equilibrium equation (Hanson and Mauersberger 1988) is applied for the calculations of T NAT . Vertical profiles of T NAT and T ice for other two observational days are not shown, but they are almost similar to the one shown in the figure.
The three profiles in Fig. 1 are those observed on December 14, 1994, December 17, 1995 and January 3, 1997 when we detected the first echoes from PSC at the first appearance of a cold area above Ny-Aalesund in every winter. We observed two PSC events in each winter of 1994-95 and 1996-97 December 17, 1995, the enhancement in d was accompanied by the moderate increment of R between 18 and 24 km and a took minimum at the height of 20 km height. The increment of both R and d in the same height range suggests that the aerosol layer contains solid particles such as NAT and/or SAT. And the minimum of a indicates that the average size of the aerosols can be lager than those of background aerosols at 14-17 km height. The temperature in the range of PSC is about 4 K lower than T NAT . The other two profiles also show the increment of d and R in the same height range where the temperature is lower than T NAT . Such PSCs frequently were detected at the beginnings of every PSC event.
As the temperature lowered, the PSCs were detected more frequently, which varied in time and height markedly. Figure 3 shows those observed on January 16, 1995 , February 13, 1996 and February 9, 1997 . PSCs were then composed mainly of liquid particles. On January 16, 1995, the PSC shows the peak of R and the minimum of d at the same height, about 18 km, where the PSCs tend to have higher values of a than those of background aerosols in the lower height range. According to the typical classification of PSCs by Browell et al. (1990) , those detected on December 20, 1994, and February 25, 1997, in Fig. 2 , are classified as type Ia and composed mainly of solid particles, such as NAT or SAT (Middlebrook et al. 1993; Tabazadeh et al. 1994) . On the other hand, PSCs detected on January 16, 1995, and February 9, 1997, which are composed mainly of spherical particles (maybe liquid particles), are classified as type Ib.
When the polar vortex developed fully and stratospheric temperature was extremely low, the lowest in every PSC event and close to the ice frost point (H 2 O ¼ 5 ppmv), we frequently detected PSCs with a type of vertical sandwich structure shown in Fig. 4 . PSC detected on January 6, 1996, shows large enhancement of R in the height range of 14-25 km, where the temperature is about À6 K lower than T NAT or close to T ice . The peak value of R is 5.1 at 21.2 km height, which is sandwiched by two peaks of d at 18.0 km and 24.7 km. This means that a liquid particle layer is sandwiched vertically by two solid particle layers. Such PSCs 12, 1995 , January 6, 1996 and February 20, 1997 were frequently detected in the winter of 1994/ 95, 1995/96 and 1996/97 in the similar stratospheric condition, as shown in Fig. 4 . Several PSC events were observed in winter seasons from 1994/95 to 1996/97, as mentioned above. A similar temporal series in the behavior of PSCs shown in Figs. 1-4 can be found in most events in these winter seasons. Shibata et al. (1999) also reported such a series of PSC associated with the decrease of temperature.
Behavior of scattering ratio and
depolarization ratio of PSCs Figure 5 shows the variations of (a) d and (b) R at the maximum height of R (R peak) and d (d peak), respectively, versus the temperature difference dT ðdT ¼ Temp. À T NAT Þ at the same height. The temperatures at the time of lidar operation were those obtained by Global Objective Analyses Data of the Japan Meteorological Agency. Most PSCs were detected in the height range between 16 and 25 km. In Fig. 5 (b) , the curves of expected scattering ratios of liquid HNO 3 -H 2 SO 4 -H 2 O PSCs are indicated. These three curves were calculated by the STS thermodynamic model proposed by Carslaw et al. (1995) . In our calculation, we assumed a lognormal size distribution for the stratospheric background aerosols to fit the result of balloonborne optical particle counter observation at 20-21 km height (43 hPa), which was performed on December 21, 1996, at Ny-Aalesund. We also assumed that the volume mixing ratio of H 2 O is 5 ppmv (Ovarlez and Ovarlez 1994) and that of HNO 3 is 5 ppbv, 10 ppbv and 15 ppbv (Bithell et al. 1994; Santee et al. 1996; Santee et al. 1997) . The volume mixing ratio of H 2 SO 4 was estimated by combining the volume density derived from the size distribution with the calculations of STS thermodynamic model under the metrological condition observed (pressure and temperature). Because the STS particles are liquid, foreign nuclei are not required for their formation. Therefore, they all are considered to grow at about the same rate. Following the change of temperature, we shifted the mode radius so that the volume density from the size distribution could be equal to the one estimated by the STS model. Then, the scattering ratio is calculated from this size distribution by applying Mie theory with the refractive index, which depends on temperature (Luo et al. 1996; Krieger et al. 2000) .
PSCs detected at Ny-Aalesund show a clear tendency: the increase of R is accompanied by the decrease of dT, especially in the temperature range below dT ¼ À7@À4 K. The enhancement in d with a decrease of temperature at the peak height of d can be seen in the temperature range of dT ¼ À8@0 K, while d at the peak height of R increases in the temperature range of dT ¼ À2@0 K and decrease below dT ¼ À2. We frequently detected PSCs with a depolarization ratio smaller than that of a molecule ðd ¼ 0:005Þ at the temperature difference below dT ¼ À5 K. The low depolarization ratio indicates that the PSCs were composed mainly of liquid particles or very small particles ). Comparing peak values of scattering ratio with the theoretical curves, which were estimated using STS model for the mixing ratio 10-15 ppbv of HNO 3 , the behavior of PSCs with high scattering ratio is consistent with that of STS model (with HNO 3 ¼ 10 ppbv or HNO 3 ¼ 15 ppbv), particularly in the temperature range below dT ¼ À7 to À5 K. This argument also is defended by Tabazadeh et al. (1994) . Using thermodynamic models under the stratospheric conditions of the Arctic, they suggest that the results of aerosol volume observations of Dye et al. (1992) are consistent with the growth of liquid HNO 3 -H 2 SO 4 -H 2 O droplets rather than solid. Based on the laboratory experiments, Koop et al. (1995) suggest that liquid stratospheric aerosol droplets under polar winter conditions do not freeze at a temperature higher than T ice . However, Shibata et al. (1997) suggest comparing optical properties of such PSCs detected in early January, 1995, with that estimated by the STS physicochemical model (Tabazadeh et al. 1994 ) that the detected PSCs are composed of liquid particles which include a larger amount of water than NAT or STS.
At sufficiently low temperature, we detected many PSC layers composed mainly of liquid particles, while we frequently detected PSCs composed mainly of solid particles at the beginning of PSC events in the winter of 1994/95, 1995/96 and 1996/97 Meilinger et al. (1995) and Tsias et al. (1997) mentioned that such PSCs composed mainly of solid particles could be formed through a phase transition from liquid sulfuric acid aerosols by temperature fluctuation of orographic waves. From the daily rawin sonde observation of temperature by the Alfred Wegener Institute, however, we could rarely find such temperature fluctuation in the stratosphere over Ny-Aalesund.
Temperature history of PSCs
As mentioned above, solid PSCs appeared frequently at the beginning of every PSC event and then liquid PSCs appeared as the temperature decreased to around T ice . At the bottom or top of the liquid PSC layers, however, layers of solid PSC often were detected. By employing the backward trajectory analysis for PSCs, which was performed utilizing the Global Objective Analyses Data of the Japan Meteorological Agency, we investigated the impact of temperature history on the scattering ratio and depolarization ratio of the detected PSC layers. The calculations were performed 10 days backward from the time of observation for the air parcel of interest on the height of constant potential temperature. It is difficult for the trajectory analysis to trace air parcels in a mesoscale motion, such as mountain wave (Carslaw et al. 1998 ). However, we frequently detected temperature fluctuations above Ny-Aalesund by daily sonde observations, which were expected to be meso-scale fluctuations. As an indicator of the effect of meso-scale temperature fluctuation on the PSC layers, we introduced the following parameter, which is calculated from temperature data obtained by the daily sonde observation.
where T i is an i-th temperature of every 90 m height range from the bottom of the PSC layer, which is calculated from rawin sonde data by interpolation. And T i is the temperature smoothed out by averaging T i over the height range of 3 km. N is a total number of temperature data in the whole height range of PSC. For each PSC, Tdev's are calculated over the PSC height range using the temperature profile observed on the same day as the lidar observation. Figures 6 (a) Fig. 7 (a) . But we can't find a clear relationship between the enhancement in d and the cooling rate or the period during which the air parcels were cooled below T NAT . One of the reasons might be that some air masses, in which PSCs were detected, experienced cold periods more than two times in the past, as are the cases at the 21.1 km height on January 12, 1995, and at the 23 km height on February 20, 1997, in Fig. 7 (c) . PSCs detected on January 3, 1997, in Fig. 7 (a) and on February 20, 1997, in Fig. 7 (c) experienced temperatures lower than T NAT after passing through the melting point of SAT, near T NAT þ 17 K. When solid PSCs, such as NAT and SAT, experience such a high temperature, solid PSCs may evaporate. In Fig. 8 (a) , we show the temperature histories of only solid PSCs that experienced temperatures lower than T NAT after passing through the melting point of SAT. Figures 8 (b) and 8 (c) show the variations of the scattering ratio and the depolarization ratio of the solid PSCs, respectively, versus the difference between the observed temperature and the expected T NAT . Their temperature histories are shown in Fig. 8 (a) . The same symbol for PSC is shown in Figs. 8 (a) , 8 (b) and 8 (c). Figures 8 (b) and 8 (c) demonstrate a clear tendency: the increase of R is accompanied by the decrease of dT, which is shown also in Fig. 5 , while d shows slight increment at dT from 0 to À2 K and the decrement at dT from À2 to À6 K. All PSCs shown in Fig. 8 (a) experienced temperatures lower than T NAT for at least 10 hours. Figure 9 shows the variation of the peak value of d versus the maximum period during which the air mass experienced the temperature lower than T NAT within 10 days prior to the observation. Some PSCs had experienced temperatures above the melting point of SAT within 10 days prior to the observation and experienced temperatures lower than T NAT before and after that. We estimated the maximum of the low temperature period for such PSCs after passing through the melting point of SAT. The increment of d is found at the period of low temperature from 10 hours to 30 hours. Laboratory experiments suggest that the solid particles of type I PSCs are considered to be composed mainly of NAT, which is most stable in the lower stratosphere (Hanson and Mauersberger 1988) . Because of the substantial nucleation barrier to the formation of NAT (Worsnop et al. 1993; Prenni et al. 1998) , most recent common theories of solid particle formation state that ice, or such metastable hydrates as NAD or SAT, are produced initially through the extremely low temperature associated with meso-scale fluctuation, such as mountain lee wave, and are transformed finally to NAT (Meilinger et al. 1995; Tabazadeh and Toon 1996; Tsias et al. 1997; Iraci et al. 1998; Carslaw et al. 1998 ). Nagai et al. (1996) detected PSCs composed mainly of solid particles at high temperatures ranging from 199 to 202 K by lidar and concluded that the particles in those PSCs might have consisted of SAT. Zhang et al. (1996) and Koop and Carslaw (1996) suggest that preactivated SAT particles can serve as sites for NAT nucleation. At temperatures clearly higher than T NAT , however, we did not detect the solid PSCs that were supposed to be SAT. Although we detected some PSCs at a temperature a little higher than T NAT , they experienced temperatures lower than T NAT at least for more than 1 day before the observation and never experienced temperatures above the melting point of SAT. Our results of the backward trajectory analysis for PSCs with Tdev < 0:74 show that the increment in d appeared if the air mass experienced a temperature lower than T NAT more than 10-30 hours prior the observation and never experienced a temperature lower than T ice . Tabazadeh et al. (1996) mentioned that the temperature below T NAT of at least one day was required to nucleate such non-spherical particles as type 1a of PSC. Our results may support their argument. Shibata (1999) mentioned that Iwasaka et al. (1993) frequently had observed nonvolatile residual particles in PSC particles by electron microscopic measurements of impactor samples that had been taken over Kiruna and suggested the possibility that effective solid particle formation might occur if there were solid particles with highly effective surfaces for nucleation inside the background liquid particles. However, there are few reports of laboratory experiments and field observations for such natural particles. And so prior attempts to evaluate the effect of such natural particles on the heterogeneous nucleation have been inconclusive. Toon et al. (1990) mentioned that the difference of particle formation between the PSC of type 1a composed mainly of non-spherical particles (they considered it to be composed of NAT) and of type 1b composed mainly of spherical particles depends strongly on the cooling rate (one indicator of which is 10 K/day) and on the degree to which the air parcels cool below the condensation point of NAT. Our results indicate that the increase of the depolarization ratio depends strongly on the degree to which air parcels cool below the condensation point and on the period during which the air mass experienced a temperature lower than the condensation point. We also attempted to investigate the impact of the cooling rate on the depolarization ratio of detected PSC layers, but a clear tendency could not be found.
We also employed backward trajectory analysis for liquid PSCs with low d Fig. 4 . We can't see a clear difference in temperature history between liquid PSCs and solid PSCs, but many liquid PSCs were detected at temperatures lower than the one at which solid PSCs were detected. Liquid PSCs detected on February 9, 1997, in Fig. 10 (a) had experienced the temperature 7 K lower than T NAT for about two days before the observation; the temperature was lower than T ice . The liquid PSC layer detected on February 9, 1997, in figure 10 (b), which was sandwiched vertically by two solid layers, also had experienced temperatures close to T ice for about three days before the observation. This means that the detected PSC maintained the liquid state after having experienced T ice for three days. Shibata et al. (1999) and Shibata (1999) suggest that PSCs with vertical sandwich structures arise from the external mixing of two types of particles (droplet, solid particle). They explained the vertical sandwich structures from the point of view of difference in the nucleation ratio of two types of particles, particularly slow nucleation ratio of solid particles at low temperature. Biele et al. (2001) also suggest from the comparison of their observation with optical calculations that nonequilibrium coexistences of solid particles hardly ever grow to their equilibrium volume under conditions without rapid temperature fluctuations, such as mountain lee waves. We detected some PSCs composed mainly of liquid particles, which experienced temperatures lower than T NAT for more than a few days. The state in which a small number of solid particles coexist with a large number of liquid particles is not in complete thermodynamic equilib- rium. But such a thermodynamically quasiequilibrium state may be kept for a few days. We attempted to investigate the impact of temperature history on the scattering ratio and depolarization ratio of detected PSC layers with Tdev lower than 0.74. Most PSCs were detected at a temperature lower than T NAT and show a clearly tendency: the increase of R is accompanied by the decrease of dT and d decreases when the temperature is close to T ice . Figure 11 shows the same as Fig. 5 but for PSCs with Tdev lower than 0.74. The figure demonstrate more clearly the tendency of R with the decrease of dT, especially in the temperature range below dT ¼ À7@À5 K at the peak of R, where most detected PSCs are composed mainly of liquid particles. On the other hand, as for the PSCs with Tdev higher than 0.74, we frequently detected some PSCs composed mainly of solid particles (high depolarization ratio, d > 0:1) at low temperatures (close to T ice ). This suggests that Tdev may be an important factor in the appearance of solid PSCs that might have nucleated at low enough temperatures to be associated with meso-scale temperature fluctuations, such as orographic waves.
Summary
Several PSC events were observed by lidar under low temperature conditions, below T NAT , at Ny-Aalesund, Svalbard, in winter seasons from 1994/95 to 1996/97.
PSCs composed mainly of solid particles appeared frequently at the beginning of each event, when the stratospheric temperature was around a few degrees below T NAT . As temperatures became low, close to T ice , many PSCs composed mainly of liquid particles were detected. Considering that the behavior of a scattering ratio of such PSCs is consistent with the theoretical one estimated using the model of STS particle formation, the particles in these PSCs may have consisted of STS particles. To investigate the impact of temperature history on the detected PSCs, we employed the backward trajectory analysis for the PSCs. We introduced the parameter Tdev as an indicator of vertical temperature fluctuation associated with meso-scale atmospheric motion and we analyzed the temperature history for the PSCs with Tdev lower than 0.74. Results show that some PSCs composed mainly of solid particles experienced temperatures below T NAT for at least more than 10 hours after passing through the melting point of SAT, prior to the lidar observation. The increment of d was observed in some PSCs when the temperature was a little higher than T NAT . The results of backward trajectory analysis for such PSCs indicate that the air mass of the PSCs experienced temperatures lower than T NAT for at least more than 1 day before the observation and never passed through the region of temperature above the melting point of SAT. For most PSCs detected, the enhancement of d appeared when the air mass including the PSCs experienced a temperature lower than T NAT more than 10-30 hours prior to the observation, but never experienced a temperature lower than T ice for 10 days before the observation. Those results sug- gest that the increase of the depolarization ratio depends strongly on the degree to which air parcels cool below the condensation point and the period during which the air mass experiences temperatures lower than the condensation point. And at very low stratospheric temperatures, close to the ice frost point, we frequently detected PSCs composed mainly of liquid with large enhancements of both R (2.5-3.4) and d (about 0.19), which had experienced a temperature close to T ice for a few days prior to the observation. Most PSCs detected at very low stratospheric temperatures with Tdev smaller than 0.74 show that the layers were composed mainly of liquid, while some PSCs with Tdev higher than 0.74 show moderate enhancement of R (3-4) and a high depolarization ratio (0.02-0.08) at a temperature close to T ice , that is, the layers are composed mainly of solid particles. It suggests that Tdev may be an important factor in the appearance of solid PSCs at sufficiently low temperatures associated with the meso-scale temperature fluctuation, such as orographic waves.
